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© Electrophotographic apparatus with multiple speed mode. 



© A photocpying machine includes a user-operat- 
ing speed selector (114) to change copy mode be- 
tween "standard" (low copy speed and high copy 
quality) and "draft" (high copy speed and low copy 
quality) modes of operation. The speed selector 
(114) selectively provides to a CPU (110) instruc- 
tions regarding the speed at which the photocopying 
machine is operated. Depending upon the speed 
specified by the speed selector (114), appropriate 
control signals (130-140) will be send from the CPU 



(110) to the drivers (118-128) for the major compo- 
nents (12. 22, 32. 26. 56. 34) of the photocopying 
machine (10). The drivers for these types of compo- 
nents are generating the appropriate signals 042- 
152) to directly drive their associated components. In 
this way, the member of photocopies may be pro- 
duced per unit time and easily and greatly increased 
without substantially changing the copying condi- 
tions and reducing copy quality. 
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ELECTROPHOTOGRAPHIC APPARATUS WITH MULTIPLE SPEED MODE 



The present invention relates to an elec- 
trophotographic apparatus capable of optically 
scanning and duplicating an original document 
(e.g., "photocopier"). In particular, the present in- 
vention relates to an electrophotographic copying 
apparatus having substantially increased copying 
speed and copy output, with minimal increase in 
electrostatic toner consumption, and with minimal 
degradation in copy quality. 

Electromechanical devices capable of elec- 
trophotographic^ ly duplicating printed documents, 
commonly known as "photocopiers," are well 
known in the art. Such a device comprises two 
basic functional assemblies: an image generator 
assembly and an image transfer assembly. 

The image generator assembly typically con- 
sists of an electromechanical scanning assembly 
containing an electrical lamp and a mirror. This 
assembly scans the original document illuminating 
it with the electrical lamp. Light reflected from the 
original document, representative of the image 
thereon, is reflected via the mirror to the image 
transfer assembly. By scanning the full width and 
length of the original document, a full image of the 
document as contained in the reflected light is 
transmitted via the mirror to the image transfer 
assembly. 

The image transfer assembly contains a cylin- 
drical drum having a photosensitive outer surface 
which is electrostatically charged by an electro- 
static generator. The reflected light containing the 
image information of the original document re- 
ceived from the image generator assembly is used 
to expose the outer surface of this photosensitive 
drum as it rotates. This causes a latent electrostatic 
image to form on the outer surface of the drum 
which corresponds to and is the negative of the 
original document image. Electrostatic toner par- 
ticles are then applied to the electrostaticaiiy 
charged surface of the drum. Black image areas, 
i.e., areas of the electrostatic image corresponding 
to areas of the original document containing image 
information, attract and retain the electrostatic toner 
particles. White image areas, i.e., areas of the 
latent electrostatic image corresponding to areas of 
the original document containing no image informa- 
tion, do not attract and therefore do not retain any 
electrostatic toner particles. 

The rotating electrostatically charged surface of 
the drum, now containing areas retaining electro- 
static toner particles, is brought into physical con- 
tact with the surface of a sheet of paper moving 
with a linear velocity substantially equal to the 
tangential velocity of the rotating drum. Simulta- 
neous with this contact, an electrostatic charge 



opposite in potential to that originally applied to the 
outer surface of the rotating drum is generated at 
and applied to the opposite surface of the paper. 
This opposite electrostatic charge attracts the elec- 
5 trostatic toner particles, drawing them away from 
the outer surface of the rotating drum into the 
surface of the paper. 

The paper, now having electrostatic toner par- 
ticles impressed thereon and forming an image 

/o duplicating that of the original document, then 
passes through a series of heated rollers. This heat 
and pressure from the rollers causes the electro- 
static toner particles to permanently bond to the 
surface of the paper. Thus, a substantially identical 

/5 copy of an original document is created. 

More detailed description of this typical, well- 
known photocopying process may be found in 
Komori et al. f U.S. Patent No. 4,411,514 and 
McGraw-Hill Encyclopedia of Science and Technol- 

20 ogy, Vol. 13, pages 373-75 (6th ed., 1989). 

Implicit in this basic photocopying process is 
the requirement that the tangential speed of the 
outer surface of the rotating photosensitive drum, 
and therefore its rotational speed, conesponds to 

25 the speed of the scanning assembly scanning the 
original document. With proper correspondence of 
these speeds, the electrostatic image formed on 
the photosensitive drum and therefore transferred 
to the paper will be a substantially true copy of the 

30 original document i.e M 1:1 original-to-copy image 
correspondence in both dimensions. 

Komori et al., U.S. Patent No. 4.411,514 dis- 
closes a photocopying apparatus which provides 
for varying the rotational speed of the rotating 

35 photosensitive drum relative to the linear speed of 
the scanning assembly, thereby allowing magnified 
or reduced photosensitive to be made. According 
to the teachings of Komori et al., as the rotational 
speed of the rotating photosensitive drum is in- 

40 creased or decreased, the quantities of electro- 
static charge and electrostatic toner applications 
are increased or decreased proportionally, respec- 
tively. Thus, as the rotational speed of the rotating 
photosensitive drum varies, the copy image quality 

is remains substantially consistent. 

Current electrophotographic copying machines 
are designed to operate at a single copy rate and 
produce high quality copies. To maintain this high 
copy quality, substantial applications of electro- 

so static charge and toner are required. Thus, if the 
copy rate is increased, so must the applications of 
electrostatic charge and toner. 

In today's workplaces and elsewhere, photo- 
copies are often needed quickly and in large num- 
bers. However, a large number of photocopies are 
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only used once and then discarded. The copy 
quality is of minimal concern, needing only to be 
merely readable or recognizable. In such cases 
producing high quality copies is wasteful of the 
resources needed to produce the concomitant high 
level applications of electrostatic charge and toner. 
Therefore, a need exists for a photocopier which 
produces copies at an increased rate without a 
wasteful concomitant increase in applications of 
electrostatic charge and toner. 

The present invention comprises a multiple 
speed electrophotographic copying machine, ac- 
cording to the present invention, the speeds of the 
scanning assembly and rotating photosensitive 
drum may both be selectively increased together 
so as to increase the copy rate, while maintaining 
the same copy scaling (e.g., 1 :1 with no original-to- 
copy magnification/reduction). Furthermore, the 
speeds of the scanning assembly and rotating pho- 
tosensitive drum may be selectively increased 
without a concomitant increase in applications of 
either the electrostatic change or electrostatic 
toner. 

The multiple speed electrophotographick copy- 
ing machine of the present invention provides a 
user-operated speed selector whereby the user 
may select between a "standard" (high copy qual- 
ity) and a "draft" (faster and pooere-but adequate- 
copy quality) mode of operation. In standard mode 
the scanning assembly and rotating photosensitive 
drum operate at their nominal design speeds with 
standard applications of electrostatic charge and 
toner, producing high quality copies. In draft mode 
the scanning assembly and rotating photosensitive 
drum operate at increased speeds but without in- 
creased applications of electrostatic charge and 
toner, producing faster and poorer, but adequate, 
quality copies. 

The multiple speed electrophotographic copy- 
ing machine of the present invention further pro- 
vides a means by which the user may, while draft 
mode, select the quality of the copies. While in 
draft mode, the user may selectively vary the 
copying speed (i.e., the speeds of the scanning 
assembly and rotating photosensitive drum) which, 
due to the constant application rates of electrostatic 
charge and toner, determines the resulting copy 
quality. Thus, the user may selectively maximize 
copy speed while minimizing wasteful applications 
of electrostatic charge and toner. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Figure 1 is a simplified illustration of the main 
components used in the multiple speed elec- 
trophotographic copying machine of the present 
invention. 
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Figure 2 is a simplified functional block diagram 
of the main components and electrical intercon- 
nection therebetween in the multiple speed elec- 
trophotographic copying machine of the present 

5 invention. 

Figures 3A and 3B are timing diagrams showing 
the "on" and "off" states of the major compo- 
nents of a typical electrophotographic copying 
machine and the multiple speed electrophotog- 

w raphic copying machine of the present invention 
when operating at its accelerated speed, respec- 
tively. 

Figure 4 illustrates pictorially the contents of the 
electronic memory used in the multiple speed 
75 electrophotographic copying machine of the 
present invention. 
Figure 1 illustrates the basic components used 
in an electrophotographic copying machine 10. 
These components include: a mam motor 12 which 

20 drives the transport belt 14. fuser rollers 16. 18 and 
photosensitive drum 20: a feed motor 22 which 
drives a feed roller 24; an alignment motor 26 
which drives alignment roller28. 30: a scanning 
motor 32 which drives scanning lamp 34 and lamp 

25 reflector 36, a scanning mirror 38 and two scanning 
image reflectors 40, 42. all of which are mechani- 
cally coupled to a scanning transport 44 which is 
driven along a scanning guide 46: a lens unit 47. 
two fixed image reflectors 48. 50 and a fixed focus- 

30 ing mirror 52: an electrostatic toner applicator 54: 
an electrostatic generator 56: an electrostatic trans- 
fer charger 58: and a residual toner remover 72. 

The scanning lamp 34, with the aid of its 
reflector 36. illuminates the face of an original 

35 document 60 lying on a glass panel 62 which 
serves as a support surface therefore. The illumi- 
nated image is reflected onto the scanning mirror 
38 and image reflectors 40. 42 along their respec- 
tive angles of incidence and reflection. The image 

40 then passes through the lens unit 47 and ts re- 
flected onto the fixed image reflectors 48. 50 and 
focusing mirror 52 along their respective angles of 
incidence and reflection. The focusing mirror 52 
then focuses the reflected image onto the surface 

45 of the rotating photosensitive drum 20. As a scan- 
ning transport 44 carries the scanning components 
34, 36, 38, 40. 42 along the scanning guide 46. 
scanning the length of the original document 60. 
the photosensitive drum 20 rotates with a tangential 

so speed substantially equal to the linear speed of the 
scanning transport 44, for 1:1 copying (i.e.. no 
magnification or reduction). Thus, the illuminated 
and reflected image of the document 60 is projec- 
ted onto the outer surface of the photosensitive 

55 drum 20. 

As the drum 20 rotates (in the direction of the 
arrow), positive electrostatic charges are applied 
thereto by the electrostatic generator 56 according 

3 
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to means well known in the art (e.g., an electrode 
having a high voltage applied thereto placed in 
close proximity to the electrically insulated surface 
of the drum 20). As the reflected image is focused 
onto the surface of the drum 20 by the focusing 
mirror 52, the positive electrostatic charges are 
erased in the areas where reflected image light is 
projected. Thus, areas on the drum 20 which cor- 
respond to white areas on the original document 60 
retain virtually no electrostatic charge, while those 
areas corresponding to black areas on the original 
document 60 retain their positive electrostatic 
charge. 

As the surface of the drum 20 rotates past the 
electrostatic toner applicator 54, toner is applied 
thereto. This toner, which is negatively charged, is 
attracted to and adheres to those areas of the outer 
surface of the rotating drum 20 which, correspond- 
ing to black areas on the original document 60, 
have retained their positive electrostatic charge. 

A blank sheet of paper 64, withdrawn from a 
paper tray 66 by the feed roller 24, is aligned 
beneath the drum 20 by the alignment rollers 28, 
30. The leading edge of this paper 64 is advanced 
so as to come into contact with the drum 20 at the 
point where the reflected image focused onto the 
drum 20 coincides with the leading edge of the 
original document 60. 

The drum 20 continues to rotate, causing its 
toner laden surface to progressively come into con- 
tact with the blank paper 64. As the toner on the 
outer surface of the drum 20 is impressed upon the 
paper 64, a positive electrostatic charge is applied 
to the opposite side of the paper 64 by the transfer 
charger 58. This positive charge attracts substan- 
tially all of the negatively charged toner particles, 
causing them to become embedded in the top 
surface of the paper 64. Thus, the originally blank 
paper 64 becomes a photocopy 68 of the original 
document 60. 

The emerging photocopy 68 is transported by 
the transport belt 14 to the fuser rollers 16. 18. The 
fuser rollers 16, 18 apply heat and pressure to the 
copy 68 which softens the toner particles and 
presses them into the paper's surface, bonding 
them thereto. The photocopy 68 is then ejected 
and placed into a receiving tray 70. 

The drum 20 continues to rotate, its surface 
passing a residual toner remover 72. The residual 
toner remover 72 removes residual toner which 
was not attracted to and embedded in the surface 
of the paper 64, but instead remained on the sur- 
face of the drum 20. Such residual toner removers 
72 are well known in the art and may comprise a 
plastic wiper blade or rotating soft fur brushes. 

According to the present invention, the basic 
photocopy apparatus and process, as described 
above, remain the same. However, the elec- 
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trophotographic copying machine of the present 
invention provides multiple copying speeds, e.g.. 
"standard" and "draft" modes. As described more 
fully below, a user operated speed selector allows 
s the photocopy machine user to select a draft 
mode, selectively accelerating the speed of the 
overall photocopying operation, without changing 
the copy scaling (e.g.. 1:1 with no original-to-copy 
magnification/reduction). Although the reproduced 
io image quality may become somewhat degraded, in 
many (if not most) cases it is adequate and the 
number of photocopies which may be produced 
per unit time may be easily and greatly increased. 
Figure 2 illustrates in simplified, functional 
75 block diagram form the major electrical compo- 
nents and interconnections for the electrophotog- 
raphic copying machine of the present invention. 
These major components include: a central pro- 
cessing unit ("CPU") 110: an electronic memory 

20 112: a speed selector 114 (e.g., an electrical 
switch); a speed indicator 116 (e.g.. an indicator 
lamp or light emitting diode); a main motor 12 and 
driver 118 therefor; a feed motor 22 and driver 120 
therefor; a scanning motor 32 and driver 122 there- 

25 for; an alignment motor 26 and driver 124 therefor: 
an electrostatic generator 56 and driver 126 there- 
for; a scanning lamp 34 and driver 123 therefor; 
and a toner applicator 54. 

The CPU 110 supplies the requisite control 

30 signals 130-141 necessary to operate the photo- 
copying machine. The CPU 110 uses the electronic 
memory 112 for storing instructions and data nec- 
essary to its operation. According to the pre?- t 
invention, a speed selector 114 is available so t 

35 the user may selectively instruct the CPU 

regarding the speed at which the photocopying 
machine is to be operated. A speed indicator 116 
is also provided as a form of feedback to the user 
to indicate the speed at which the photocopying 

40 machine is being operated. 

Depending upon the speed selected by the 
user or by the CPU 110 by default (e.g.. standard 
or draft), the appropriate control signals 130-140 
will be sent to the drivers 113-128 for the major 

45 components 12, 22, 32, 26, 56. 34 of the photo- 
copying machine 10. Drivers for these types of 
components are well known in the art and are 
capable of accepting the digital control signals 130- 
140 from the CPU 110 and generating the appro- 

50 priate signals 142-152 to directly drive their asso- 
ciated components. 

Figure 3A showns in timing diagram form the 
typical initial temporal status and sequence of the 
direct control signals 142-152 during standard op- 

55 eration at standard speed when copying first be- 
gins. Elapsed time in seconds from the beginning 
of Stage 1 is indicated along the bottom of Figure 
3A, while the numbers along the top indicate dis- 

4 
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Crete "stages" of the photocopying operation for 
the first and second copies. Stage 0 is the 1- 
second time interval between when the user first 
instructs the photocopying machine 10 to begin 
and when the actual photocopying operation (as 
described above) begins. 

During stage 0 the main motor is turned on, 
thereby activating the photosensitive drum 20, 
transport belt 14 and fuser rollers 16, 18. Thus, 
Figure 3A illustrates with particularity the timing 
sequence of the photocopying operation which was 
described in general above for Figure 1. 

The feed motor 22 is on and feeding a sheet of 
paper 64 during stages 1-3. It is off during states 4- 
7, and turned back on at stage 8. 

The scanning lamp 34 is turned on at stage 2 
in preparation for illuminating and scanning the 
original document 60. It remains on until the end of 
stage 6, when scanning is complete. 

The electrostatic generator 56 is turned on at 
stage 3, imparting its electrostatic charges to the 
photosensitive drum 20. It is turned off after stage 
5 when scanning is complete. 

The scanning motor 32 is turned on at stage 4, 
causing the scanning components 34, 36, 38, 40, 
42 to scan the length of the document 60in the 
forward direction. Scanning is complete after stage 
5 and the scanning motor 32 is turned off. At stage 
7, the scanning motor 32 is turned on in the 
reverse direction to return the scanning transport 
44 to its original location. This reverse scanning is 
complete by stage 10 and the scanning motor 32 is 
turned off. 

At stage 5 the alignment motor 26 is turned on 
for aligning the blank paper 64 with the rotating 
photosensitive drum 20. Alignment is complete and 
the alignment motor or 26 is turned off after stage 
8. 

Figure 3B illustrates the timing sequence for 
the control signals 142-152 for a preferred embodi- 
ment of the photocopy machine of the present 
invention operating at an accelerated copying 
speed (e.g., draft mode). The basic timing se- 
quence is no different from that as shown in Figure 
3 A and discussed above. However, although just as 
many stages ("A-stages" in this case) are involved, 
the time durations of several stages are reduced. In 
addition, the rate of application by the toner ap- 
plicator 54 is not changed from that used in the 
standard mode (as described above for Figure 3A). 

For example, the "on" times for the scanning 
lamp 34, electrostatic generator 56, scanning motor 
32 and alignment motor 26 are shorter. Although 
these "on" times are shorter, a full copying cycle is 
completed since the appropriate motors are op- 
erated at increased rates of speed. Furthermore, 
although the electrostatic generator 56 is on for a 
shorter period of time, the amount of charge per 
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unit time applied by the generator 56 remains the 
same as in the standard mode. The main motor 12 
runs faster so as to rotate the photosensitive drum 
20 faster. The scanning motor 32 is run faster so 
5 as to move the scanning transport 44 faster. The 
alignment motor 26 is run faster so as to more 
quickly align the incoming blank paper 64 with the 
proper location on the outer surface of the rotating 
photosensitive drum 20. 

w Means by which these motors 12. 32. 26 may 

be operated at higher speeds are well known in the 
art. In a preferred embodiment of the present in- 
vention, the scanning motor 32 and alignment mo- 
tor 26 are pulse motors. By controlling the width 

75 and/or number of voltage pulses applied to the 
motors, the speed of the motors is controlled. In a 
photocopy machine 10 under CPU control, as in 
the present invention, voltage pulses comprising 
the control signals 146. 148 to the scanning motor 

20 32 and alignment motor 26 can be varied tn width 
and/or frequency. This is quite easily accomplished 
by providing corresponding pulse variations in the 
control signals 134, 136 applied to the drivers 122. 
124 responsible for driving the scanning motor 32 

25 and alignment motor 26. In turn, such pulse vari- 
ations may be provided for by storing the appro- 
priate instructions and. or data within the electronic 
memory 112 for access and use by the CPU 110 
when an accelerated speed has been selected by 

30 the user through the speed selector 114. Upon 
selection of an accelerated speed, the CPU 110 
simply goes to the appropriate memory locations 
within the electronic memory 112 and uses the 
instructions and. or data stored therein to generate 

35 the appropriate control signals 134. 136. 

Figure 4 illustrates how the electronic memory 
112 may be organized to store instructions and or 
data appropriate for use by the CPU 110 in control- 
ling the various component drivers 118-128. Within 

40 the memory 112 the individual memory locations 
are used to store instructions and or data neces- 
sary for the CPU 110 to generate the appropriate 
control signals 130-141 so as to operate the com- 
ponents 12. 22, 32, 26, 56, 34. 54 appropriately 

45 and in the proper timing sequences, as shown in 
Figures 3A and 3B. 

For example, one memory location may be 
used to hold binary data representing a flag ("A- 
Flag") indicating that the accelerated speed mode 

so has been selected by the user via the speed selec- 
tor 114. Other memory locations may be used to 
store binary data representing the instructions 
and/or data needed by the CPU 110 to generate 
the appropriate control signals 130-141 during each 

55 stage of operation (see discussion above for Figure 
3 A). Still other memory locations may be used to 
store binary data representing the instructions 
and/or data needed by the CPU 110 for generating 

5 
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the appropriate control signals 130-141 for each of 
the stages of operation in the accelerated speed 
mode (see discussion above regarding "A-Stages" 
for Figure 3B). By proper movement of a memory 
pointer, shown in Figure 4. according to the mode 
or speed selected, the appropriate memory loca- 
tion, and therefore the appropriate instructions 
and/or data, may be selected. 

With regard to speed control for the main mo- 
• tor 12, a preferred embodiment of the present 

invention provides for the use of a main motor 
driver 118 capable of providing a drive signal 142 
providing selectably variable voltage and/or current 
to the armature of the main motor 12. 

In a variation of the apparatus 10 of the present 
invention, the speed selector 1 1 4 may be a switch 
by which the user may select between a standard 
mode having a single fixed reproduction speed and 
a plurality of draft modes, each having a different 
reproduction speed. The different draft modes dif- 
fer in their rates of speeds of the main motor 12, 
scanning motor 32 and alignment motor 26. Each 
draft mode is selected by the user according to the 
desired reproduction speed. However, the applica- 
tion rates of the electrostatic generator 56 and 
toner applicator 54 remain substantially constant. 
Thus, the user may select the reproduction speed, 
but with an inverse effect on the level of reproduc- 
tion quality. 

In a preferred embodiment of the present in- 
vention the reproduction speed may be selected by 
the user via the speed selector 114 at the begin- 
ning of the reproduction operation, i.e., before any 
copies have been made. In an alternative preferred 
embodiment the reproduction speed may be selec- 
tively altered by the user via the speed selector 
114 at any point in the reproduction operation. 

Accordingly, by storing the appropriate binary 
instructions and/or data within the electronic mem- 
ory 112 and selecting the appropriate drivers 118, 
122, 124, the respective speeds of the main motor 
12, scanning motor 32 and alignment motor 26 
may be selectively increased when a higher photo- 
copy rate is desired, without affecting the copy 
scaling. Hence, the photocopy rate may be maxi- 
mized while minimizing wasteful electrostatic 
charge generation and electrostatic toner consump- 
tion. 



Claims 

1. An image forming apparatus comprising: 
means (118, 120) for moving an image bearing 
member (20) in a predetermined direction; 
means (32. 36, 38. 40, 42) for scanning an original 
image to form an latent image corresponding to the 
original image on said image bearing member (20) 
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moved by said moving means (118. 129); and 
means (54) for developing the latent image by 
supplying a developing agent onto said image 
bearing member (20); 

5 characterized by further comprising: 

means (114) for specifying a first image forming 
mode in which said moving means (118, 120) and 
said scanning means (32. 36, 38, 40. 42) are driven 
at a first speed (S1 . P1 ) or a second image forming 

w mode in which said moving means (118, 120) and 
said scanning means (32. 36, 33, 40, 42) are driven 
at a second speed (S2. P2) different from the first 
speed (S1. P1): and 

means (110) for controlling said moving means 
75 (118, 120) and said scanning means (32, 36, 38. 
40, 42) so as to drive at the speed corresponding 
to the mode set by said specifying means (114). 
wherein said controlling means (110) controls such 
that said developing means (54) supplies substan- 
ce tially constant quantity of the developing agent per 
unit time onto said image bearing member (20) 
irrespective of the set mode. 
2. The image forming apparatus according to claim 
1, characterized in that said controlling means 
25 (1 10) includes means for storing at least two speed 
datas to determine the driving speed of said mov- 
ing means (118, 120) and said scanning means 
(32, 36, 38, 40, 42) corresponding to the mode set 
by said specifying means (114). 
30 3. The image forming apparatus according to claim 
1, characterized in that said specifying means (114) 
includes a user selectable switch arranged in a 
position which permits an operation by a user. 
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